than in others, and that here specific limits were less sharply defined. Botanists, for example, disputed as to whether there were four species of bramble in the British Isles or many times that number. But in spite of these occasional difficulties we believed that, as a rule, we ought to be able to label a given animal or plant with a generic and specific name representing at once its real distinctness fromii, and its relation with, allied forms.
And so it came about, in the earlier days of bacteriology,, that every observer who studied the microbes of a town water supply, or of sewage or air, baptized the bacteria he found with an airy confidence that he was naming species as good as those of the botanist. His efforts seem almost useless to us, and we are apt to complain of the imperfect nature of his descriptions; but this was a stage through which bacteriology had to pass.
Then came the period at which the biological properties of bacteria were more fully studied. We learned their metabolic powers, their capacity to utilize this and that foodstuff, and to cause this or that chemical change in the medium in which they were growing. Further, we learned to associate these properties with the varied capacities of bacteria for causing disease. With this knowledge, which was a real advance, came at first a greater apparent certainty in discriminating between allied forms. This coccus injected into a mouse causes a fatal septicamia; another apparently similar coccus produces no effect: clearly they must be distinct species. This bacterium ferments lactose; another, otherwise like it, does not: they cannot be the same kind.
Still more recently the conviction has been forced upon us thtl such biological properties have less absolute value than we at first supposed. It is clear that they may at times be gained and lost with surprising rapidity. I need not remind you how easily pathogenic properties lapse under cultivation, or how, as we know from the work of Twort, Penfold, and others, a bacterium may acquire the power of ferinenting a sugar continuously presented to it.
And, finally, it has become apparent that there are characters, probably chemical, but the nature of which is only partially unveiled, betrayed by the serum reactions which may still more minutely differentiate otherwise similar forms of bacteria. There is, for example, no means of distinguishing between the members of the Gaertner group of bacilli save by the agglutinins which they severally evoke, and even here the differences are quantitative rather than absolute.
Starting, then, with the a priori conviction that we were going to find amongst these lowly protophytes species as definable as those with which we had been accustomed to deal amongst higher plants, we are now compelled to admit that, in spite of constantly increasing refinements in our methods of study, and, indeed, partly as a consequence of these refinements, the term " species," at least among certain groups of bacteria, has become an extremely elusive one to define.
This, then, is the problem which I ask you to face, not with the hope of solving it at the present time, but rather to set our ideas in order. Before considering what meaning we are to attach to the term ''species" amongst bacteria we must first have a clear idea of the meaning now attached to it by ordinary naturalists. We nowhere find the cult of specific differences so ardently pursued as amongst entomologists, and the very subject of my present discourse, in its application to insects, was chosen by my friend Professor E. B. Poulton in his Presidential Address to the Entomological Society in 1904. He pointed out that the doctrine of the absolute fixity of species, which rests on the theological dogma of special creation, is not of great antiquity, probably originating towards the end of the sixteenth century. Linnaus, of course held it with firm conviction, and it was only in the middle of the nineteenth century that the writings of Herbert Spencer, and above all of Darwin and Wallace, began slowly to convince current opinion in the new direction that species were not fixed but derived from pre-existing species. In Darwin's own words: " Hereafter we shall be compelled to acknowledge that the only difference between species and well-marked varieties is that the latter are known or believed to be connected at the present day by intermediate gradations, whereas species were formerly thus connected."
To-day we are wholly freed from the doctrine of the immutability of species. We continue to use the term because it conveniently expresses our notions as to the relations of a given group of individuals, but it is in a measure a subjective rather than an objective conception. In the second place, the inordinate rapidity with which bacteria multiply allows the effects of environment to become apparent in a very short space of time. It is possible that such effects are stamped with greater readiness on the sensitive and labile protoplasm of unicellular organisms than on the more complex structure of higher types.
In any case, natural selection must act with greater intensity upon creatures which can pass through twenty or thirty generations in a day than upon those which reproduce their kind only once or twice a year.
The high degree of variability observed amongst bacteria seems adequately explained by the foregoing considerations, and I need hardly remind you how great it is, especially in regard to the higher physiological properties such as pathogenic power. Sooner or later this seems always lost under cultural conditions, unless maintained by occasional animal passage. The natural tendency seems to be towards loss of virulence in the absence of opportunity I for its exercise, and the mechanism by which animal passage revives the power would seem to be one of natural selection in its crudest form. The feebler invaders are destroyed by the defensive mechanisms of the body and the final invading force comes to consist of the highly competent descendants of those which have best been able to resist destruction. This restoration of pathogenic power may occur in a few days-almost in a few hours-and the process affords an excellent example of the principle of the " survival of the fittest" in a community in which extreme rapidity of reproduction gives natural selection an opportunity elsewhere almost unparalleled.
Other physiological properties may be lost and gained by bacteria in a somewhat similar way though with less rapidity. The power of producing pigment or of utilizing a certain sugar is not infrequently observed to lapse under cultivation.
It follows that it is only with extreme caution that such characters as pathogenicity or metabolic capacity can be regarded as of specific value. Of the criteria employed by the ordinary naturalist in discriminating between species one only can be used by the bacteriologist -namely, the morphological one. Evidence of descent from a common ancestry is commonly wanting under natural conditions, though available in experimental laboratory work.
Morphological differences are, however, slight or absent between closely related bacterial forms, and are hence of almost no value in discriminating between species, though they are of fundamental iml-portance in defining the larger systematic groups of bacteria. The great families-cocci, bacilli, and spirilla-are based essentially upon morphology alone. Within these families, again, we can clearly recognize natural groups of the value of genera. Thus, amongst the cocci we see such generic groups in the streptococci, the Gram-positive staphylococci, the Gram-negative cocci, the sarcine, the flagellate cocci, &c. Similarly amongst the bacilli we recognize the coli-typhoid group, the diphtheroids, the sporing anaerobes, the acid-fast group, and maany others. Some of these groups are small, others very large, but in the case of almost every bacillus which has been adequately studied we can "place" it in one or other of the groups I am speaking of, and this with little doubt or hesitation. Actual generic namnes have been proposed by Migula and others, and have perhaps only failed to gain general currency because they contained so many svllables.
The There is no need to do so, and, indeed generic distinctions became apparent early in the study of bacteriology and gained general recognition long before the introduction of many of these modern refinements in diagnosis.
If the foregoing facts are true-and I do not think they will be disputed-we are entitled to conclude that although bacteria are more variable than the majority of living creatures, they are by no means indefinitely variable. The variations are seen within the generic gro'up limits but do not transgress these. No one would assert that by any known means could a streptococcus become transformed into a sarcina, or an acid-fast bacillus into a coliform organism.
It is probable that generic differences are of great antiquity. \Ve may reasonably conjecture that bacteria were amongst the earliest forms of life, and, indeed, there is some scanty evidence of their existence in such early geological periods as that of the coal measures. The comlparative fixity of generic forms would reasonably be explained on the supposition of their antiquity.
But I must now pass from this relatively easy question of generic classification to the subject I particularly wish to consider-that of the existence and permanence of specific distinctions within the limits of a genus. In the first place, it must be observed that much more variability is to be seen in some genera than in others, and the general rule may be laid down with some confidence that small genera, containing only one or two forms, show much more constancy than the large genera. Thus the anthrax bacillus has few or no close allies; it is almost a genus to itself and it shows hardly any variability. This is true also of Micrococcus melitensis and Bacillus mallei. In contrast to these we find such genera as the streptococci, the diphtheroids, and the coli-typhoid group, which are excessively abundant in nature, rich in the number of their forms, and present the highest degree of variability. It is in such genera as these latter that the chief disputes have arisen amongst bacteriologists as to what are species and what merely varieties. As I have argued elsewhere, these genera are those which biologists term "dominant genera "-i.e., groups which have succeeded, and are succeeding, in the struggle for existence; witness their abundance. And the multiplicity of the forms which they present is due to the property already mentioned, and the reasons for which I have dis-cussed-viz., the readiness with which physiological characters are gained and lost amongst bacteria under the direct influence of their environment, such modifications being handed on by the process of direct binary fission, which is the only means of multiplication in this group, without the check imposed by sexual propagation.
This I believe to be a reasonable explanation of the chaos of related forms seen, for example, in the Bacillus coli group and amongst the streptococci. I by no mieans wish to mnake the general assertion that there are no such things as strictly defined species amongst lbacteria. On the contrary, it is easy to adduce examples of such species, readily recognizable, and about which no doubt or confujsion exists. But it is possible that we have fallen into error in supposing that all bacteria must necessarily conform to well-defined specific types; and I venture to put forward the suggestion that this is not the case in the dominant genera of which I have just spoken. We have been striving by means of ever newer and nmore refined tests to define that which is undefinable because it does not definitely exist.
If we can accept such doctrine as this, that in some bacterial groups (and these groups with which pathologists happen to be particularly concerned) rigid specific limits have actually no existence, we shall, I think, gain a good deal. We may, for example, leave off quarrelling as to the specific value of fermentation tests and serological reactions, and bend our minds to doing the best we can with the mass of related foriuis presented by dominant bacterial genera. Nor, I think, is the task of classification by any means a hopeless one if it be approached in the right spirit and with a due apprehension of the real state of affairs.
The view to which I have been gradually led, and to which partial expression was given in my joint paper with Horder on the " Classification of the Streptococci" seven years ago, is as follows. We actually see before us, in such genera as the streptococci or the Bacillus colt g,roup, a mass of variable forms, representing, as it were, the meltingpot in which species are made, and from which even now species are emerging. We may, if we will, actually trace the process of emergence by the application of suitable methods, and all the stages of the process can be watched. Thus, from the Bacillus coli group we see the typhoid bacillus already emerged as a species almost-fully fixed and defined, while in Salmonella we have a sub-group of coliform organisms struggling upwards into differentiation, separable as a sub-group, but with specific limits recognizable only by the doubtful criteria of serology. As for Bacillus coli itself we have a set of tests, in virtue of which we assert a given organism to be the classical Bacillus coli communis, but every bacteriologist knows that its varieties are almost infinite. It is eminently likely that in far distant oons certain of these now labile forms will crystallize, under the influence of a persistent environment, into species as definite as we see in other bacterial genera. Such speculation is, however, idle; the practical questions for us are what terminology we are to employ to-day, and how we are to set a value on the tests which are at present at our command, so that we may obtain from them information of use to us in our everyday work.
In I still believe the words I have just quoted to represent the facts for such groups as the streptococci and the colon group, and I may remind you that about the same time Winslow, working at the classification of the cocci in America, used somewhat similar methods and arrived at the same conclusions. In statistical study of this kind it does not much matter what characters are taken as criteria provided that they are uniformly applied over a sufficiently large series of individual examples. In any case we shall find certain predominant groups of individuals giving the same set of reactions connected by smaller intermediate groups. We are witnessing the evolution of species under the influence of environment; the most commonly occurring types are " species in the making," and are aptly termed by Winslow " centres of variation."
In conjunction with Horder I tried to apply the principle to the streptococci, using as an arbitrary set of tests the sugar reactions devised by Gordon. We were very careful to avoid any claim that the predominant types, revealed by the application of these tests over a series of 1,200 strains of streptococci, deserved specified rank, but we thought, and I still think, that the tests are of value in discriminating the sorts or varieties of the maze of allied forms met with in this group.
Similarly, I hold the analogous tests employed for the colon group, or the diphtheroids, to serve a very useful purpose. I am convinced that in all these dominant genera we are not dealing with fixed species but with relatively labile forms. It has been objected to the sugar tests, notably by Ainley Walker, that they are not sufficiently constant to be of any differential value, and he has certainly been able to show that under laboratory culture they may present considerable variation. My own experience has not been in favour of such a degree of variation as he has met with, though I know that variation spontaneously occurs, and that it may readily be induced by suitable means. I am not, however, disposed to admit that the fact of induced variation under cultural conditions seriously affects the value of biological tests for bacteria, applied in the manner I have indicated. Although the principles involved are of general application, I may perhaps be permitted to draw my illustrations from the streptococci because they are the group with which I have chiefly worked, and it has been amongst them that the value of the sugar reactions has most vigorously been attacked.
I regard the streptococci as a typical example of a dominant genus which has succeeded in life by attaching itself, as a saprophyte, to the animal body, where, under the varying physiological conditions present, it has acquired great adaptability and become an extremely variable genus. The environment offered by the mouth is not the same as that offered by the large intestine. The conditions offered by the large intestine are not the same in herbivorous and carnivorous animals. When a streptococcus has invaded the living tissues and set up suppuration, its environment is very different from that met with in the alimentary canal. When we apply any set of arbitrary tests-be they sugar tests or others, such as pathogenicity for animals, resistance against drying, ability to cause heemolysis, or to form sulphuretted hydrogen-to streptococci freshly isolated from one or another of these different environments we find differences. In the mouth we find a number of different forms, but one form, giving a positive reaction to certain tests, outnumbering other forms. In human faeces we also find many forms, many of them identical with those of the mouth, but again one sort, different from the common mouth form, outnumbering any other one form. In horse-dung, again, we find the commonest type to differ from that of human fieces. If we isolate streptococci from cases of erysipelas, phlegmonous inflammation, or suppuration, again we find a great predominance of strains giving one particular set of reactions. I regard the forrns in question as bearing the biological stamp of their recent environment, and it is my experience that they retain that stamp in cultivation for sonme little time and often for months or years. It is true that they may sooner or later lose it, but for practical purposes this does not mnuch matter. The tests help to reveal what a recently isolated strain of streptococcus did last, and what, in the light of previous experience, it is likely to do next. In other words, they are of practical value in diagnosis and prognosis.* It is doubtful whether the variations revealed amongst streptococci by biological tests are of specific value. I am content to look upon them as potential species, not yet fixed, or as "centres of variation," and I think it is justifiable to employ definite names for them. The usefulness of the tests must be judged by the results of their employment. If the sugar reactions of streptococci are as valueless as some would have us believe, their employment should land us in ridiculous inconsistencies. This is not my experience; indeed, I have found them of the greatest value, especially in public health work. I may be forgiven if I quote one or two instances from work already published.
(1) In an investigation into the air of drains I found that the most abundant streptococcus in the local sewage presented a certain set of characters, and that the majority of the streptococci obtained from the air of the drain presented the same set of characters, whereas those obtained from fresh air presented a totally different group of characters. I felt justified in inferring that the streptococci of the drain air were derived from the sewage, and since that time an abundance of independent data has, I think, confirmed the conclusion. (2) Again, the common streptococci to be found in fresh air in London present a certain peculiar facies in their metabolic powers. Arguing that horsedung formed the most abundant organic ingredient in London air, I quantitatively examined fresh horse-dung and found that by far the most numerous organisms were streptococci of precisely the same characters as those with which I was familiar in fresh air. The conclusion as to the source of the air streptococci seems clear and has been confirmed by Winslow in America.
It would be easy to multiply similar examples, but I will mention only one other-viz., that Gordon was able to demonstrate streptococci having the same set of characters as those most abundant in normal saliva, in the ventilating shafts of the House of Commons when the House is sitting, but not at other times.
It will, I think, be admitted that such results as I have quoted, far from being inconsistent and misleading, are reasonable and consistent, and support the idea that the sugar reactions of the streptococci, to the intelligent application of which they were alone due, have a definite value. And this value seems to me to lie, not in attempting to force every streptococcus into a cast-iron scheme of specific nomenclature, but in indicating the " centre of variation" to which any given strain appertains and in giving a clue to the metabolic conditions which have most recently set their stamp upon the strain.
I trust that I shall be pardoned for having referred at such length to the sugar tests for streptococci. I have done so because I wished, in face of the adverse criticism which they have of late received in some quarters, at once to defend them and to make clear my own opinion as to their limitations. I hope I have made it plain that I believe neither in the so-called " unity of the streptococci" nor in their division into fixed and immutable species. I hold them to be a labile group from which types are emerging, which can be recognized by-suitable methods, but Which are at the present day for the nmost part undeserving of specific rank.
If we turn to the Bacillus coli group we find somewhat the same state of things, but complicated by the fact that evolution has here advanced much further, so that not only have certain fairly definite species emerged, but even the genus itself is becoming, or has become, broken up into a number of rather ill-defined sub-genera. Of this we have the strongest of all evidences-viz., morphology; for whereas some are always richly flagellate, others have but few flagella, while in others motility is totally absent and no flagella are demonstrable. Such distinctions are at least of sub-generic value. I need hardly remind you of the terms which are creeping into use for such differences-the dysentery group, the typhoid group, the Friedliinder group, and even such definite names as Salmnonella, Pasteurella, and so on. But within the limits of the individual groups we find still present in many cases a number of allied forms which are only imperfect species. Here, again, the sugar tests are used widely for differentiation, and, in spite of some degree of admitted variability, are found of signal use in practical application.
Water bacteriologists lay some stress on whether or not a given strain of Bacillus coli can or cannot ferment cane-sugar, holding that if it cannot it is the genuine Bacillus co~i communlis, to be treated with more respect than the variety which accomplishes this fermentation. I should not consider this test of any value as differentiating two otherwise similar organisms into separate species, but I should not therefore deride its application to the bacteriology of water. Its value here will have to be judged, not by laboratory experiments proving that the bacillus can be made to ferment, or not to ferment, cane-sugar at will, but by the broadest kind of experience in which thousainds of water analyses are studied in this and in other ways. Such data are accumulating, and in time a judgment may be formed. If I may so put it, the use of a test of this kind is not a matter of politics, but of statesmanship.
The Bacillus coli group further differs from the streptococci in the applicability of agglutination tests to a degree scarcely paralleled in any other genus. chemistry of agglutination we must be wary of basing specific distinctions on this alone. Much has been done in the recognition of " group agglutinins" as opposed to " specific agglutinins," but it is to chemistry that we must look for a solution of the problems.
This brings me, in conclusion, to an aspect of my subject which is at the present day largely conjectural, but which is beginning to attract the attention of many workers, and which has recently been the subject of a thoughtful essay by Dr. Eccles, of Brooklyn.' I refer to the idea of "chemical evolution." The work of Darwin and his modern successors, on which are based our present ideas of the process of evolution amongst living beings, took account only of morphological differences between allied forms, together with the physiological differences necessarily correlated with these. But just as, before Darwin, the conception of evolution had been applied to the solar system, and indeed to the universe, so, long after his day, the progress of biochemistry is beginning to suggest its applicability to the protein molecule.
I cannot affect to speak with any authority on chemical problems, but so far as I understand the matter the protein molecule is essentially built up of amino-acids, limited in number to some twenty or more. The different specific proteins owe their characters to the proportions of these different amino-acids present, and to their relative positions in the configuration of the molecule, affording an infinite variety of combinations. To use Kossel's picturesque simnile, the building stones of the protein molecule may only be as few as the letters of the alphabet, yet these can express an infinite number of thoughts. I look forward with confidence to the time when chemists will be able to explain all the differences between the proteins of different animal and. vegetable species on such lines as these, together with precipitin reactions and complement deviations and all the other specific tests which we now use empirically. And further, I am fully prepared to believe that these minute structural differences in the configuration of the protein mnolecule have arisen by natural selection-as a result of the survival of the chemically fittest molecules in the struggle for existence of the organisms to which they belong.
If this is true, it is plain that there is a chemical evolution, underlying a merely morphological one, quite independent of morphological change, and, at least for the unicellular organism, much more I Med. Ree., New York, 1913, lxxxiv, pp. 189-97. fundamental. We know from precipitin reactions and other evidence that there exist chemical differences in the proteins of higher plants and animals, but these have been unheeded by the naturalist because he had more obvious characters to guide him in discriminating between species. But the bacteriologist, bereft of other guides, has been compelled to fall back on chemical differences where morphology has failed him. At first he did it almost blindly, not quite realizing the true nature of the characters he was invoking. Only now do we begin to get a hint of what I believe to have formed a large part of the course of evolution within the morphological boundaries of bacterial genera-namely, that it has been a chemical rather than a structural one-a change not so much in the configuration of the organism as in that of the protein molecules which build it up. Such changes should be in every respect subject to the same laws as govern morphological ones. It must be a question of chemical adaptation of the organism to its environment and survival of the chemically fittest. And all that I have said in the earlier part of this address as to the rapidity and extent of variation amongst bacteria would apply quite well to chemical changes.
Nevertheless, the conception of chemical evolution does not give us any final guide in classifying bacteria into species. We might apply the term " species " rightly enough to the protein molecule as soon as we understand its chemical difference from another protein molecule. But just as in the building up of higher organisms many proteins are concerned, so, though perhaps in a lesser degree of complexity, must the bacterial body be built up of several kinds of protein in varying combination, some perhaps peculiar to the species, others common to many. Thus, probably, must we explain the phenomena of specific and group agglutination. I am led to imagine the 
